Segmentation de séquences d'images en vue du codage by Marcotegui, Beatriz
Segmentation de se´quences d’images en vue du codage
Beatriz Marcotegui
To cite this version:
Beatriz Marcotegui. Segmentation de se´quences d’images en vue du codage. Mathe´matiques
[math]. E´cole Nationale Supe´rieure des Mines de Paris, 1996. Franc¸ais. <NNT :
1996ENMP0610>. <pastel-00002400>
HAL Id: pastel-00002400
https://pastel.archives-ouvertes.fr/pastel-00002400
Submitted on 5 Aug 2010
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
  	

  ﬀ  ﬂﬁ ﬃ !ﬀ ﬃ ﬁ 	"

#%$'&	()$+*-,/.0,01324* 5$ #$0647$+*98:$0#;5=<>1?().@&	$0#
$+* A	7B$ 57 8C245D.@&ﬂ$
EFGIH3G
JLKNMPORQSUTNMQVWQXZY[S\T
]_^ `"aﬀb\]
QcdYZTNe
b
SfY
]
QIgWhLJiMPKRejQhfKRQVWQkOmlejSLQPOVLQonpY[KReqO
JiYrK
sutwvWxyZz|{}:~%
EG
J
b
hLK
b[
TNQSLejK
]
QITReTRKNQIVLQ
bWa
TNQhLKQSl
b
KNJL
b\]b\Ł
ejQolYrTRLMPYZTReqUhLQ
g
b
hWTRQPSUhfQ
]
Qu3XwKNe
]pk[\Lb
SUTNYrejSLQ
L]
QkYrhVWQXZYrSUT
]
QhLKR
aﬀb
uJ
b
ORMVWQ[
ll[QkYrS g
`"
 ¡ R¢¤£¤¥|¦\§ﬀ¨i©
ª
b
hLK«Y[V¬
`"­¡
d®¯l¯ °d±N²\²L³r ¤©´§µW 
¶
MK«YrK«V
`"·

` ¸º¹
±r»ﬃ¥¼¨?±Z©>§ﬀµW 

K«YrSf½
b
eqO ®o¾
ªmª
¯
`¿ ¸º¹
±r»ﬃ¥¼¨?±Z©>§ﬀµW 

QPKRK«ÀrS l
mÁo·`
g °d±N²\²L³r ¤©´§µW 

QPKRSfY[SfV l
`pÂo`" ¸º¹
±r»ﬃ¥¼¨?±Z©>§ﬀµW 
 »%±ﬀ±Z»u¥§ µW¥q£
	
¸
§ ¥|±	 Ma  §ﬀ£
w£
 
¨f©>³Z¨i¥|³

 
»§¤£²f±Z R§¨f©_£±[¦[³«² © ¥ N£ ¥ ¥|±r¨ §§©¢ R±Z R¦

§ﬀ©

§ [³rµ©

¥¼¨ﬀﬁ[³Zµﬃﬂ«±Z¨ ³r 
[³Zµﬃﬂ«±Z¨  ©!"[³Zµ ±Z N§ ¤¥$#

©
%
¥$#
%
¥$#&±r 
  

\QPY[S gwQKNKNY \hfe	
Ł
K

a
Q

O
b
S YrSLSfMQ ONY
L
YZTReqUhLQ
 ­
Y[K
a
Q
]jb
SLQm
^
Y V
b
SLSfM
] ^ bWaa
Y[ORe
b
SQﬀT
]
QﬃJ
]
Y[ejORejKdVWQﬃKRQPS\TNKRQPKdVLY[SfO
] ^
eSUTRMPKRQkORONYrSUTdV
b
YrejSLQﬃVLQ
]
Yl
b
KNJL
b\]b\Ł
ejQ
lYrTRLMP%YrTReqUhLQ[lQPK
a
epJ
b
hLKT
b
hWTRQkO
]
QkO
aﬀb
SLSfYreqONORY[S
a
QkOoY[JLJLKNejORQPOoQTJ
b
hLK
]_^
Y
aPa
hLQPe
]
Q
a
QJWTNe
b
SLSLQ
]
VfYrSfO¡hLS
a
QSUTRKNQY
a
TNe

SLejX[QPY[hO
a
ejQSUTNeiUhLQWYreqOmYrhfONO e whLY[eS 
u
QKNSfYrSiVlQP[QKmV
^
Y¬X
b
eK
Ł
hfejVWMIQTmORhLejXwe VWQIJLKkO
a
QoTRK«Y¬XZYre
]
 lQK
a
e J
b
hfK¡V
^
Y¬X
b
ejK
ORh
^
QS
aﬀb
hfKNY
Ł
QKPuQ\hiYrSfV
]
QPO
aﬀb
SiVWe TNe
b
SfOS
^
MTNYrejQSUTJiY[O
]
QPOJ
]
hfO|Y¬X
b
K«Y
L]
QPOP
lQPK
a
e J
b
hLKORYuJ
]
QejSLQVWeqORJ
b
SLe

e
]
e TNM[

QPKRK«ÀrSl YrK«\hfMPOP
b
SKRQkO J
b
SfONY
f]
Q
d­
YrK
a
Q
]jb
SfQ
a
TRM"VLQUhLeUe
]
QPO T e%J
b
ONO e
L]
Q
VWQSLQIJfY\OﬀTNKRQ¡
b
\Qhﬀ 

nºfe
]
eJfJiQgLY
]
Q

eQPKdQTl
b
SUTNORQun Y[KNV

O?UhLeºY¬X\Q
aﬃ]
QPhLK«O
 b
SiOdKNMPORh
]
TNYrTNOo
^ b
S\T
T
b
hZ
b
hfKNO¡J
b
hfONORM

Y[uM
]
e
b
KNQK
]
QPO¡%ejQSfOP


b
ORMﬂﬁ¿KRQkO J
b
Y¬X[Q
a
UhLeW
^
Yre QPhVLQPO KNh
a
TNhLQhiO QkOmVWejO
a
hiORORe
b
SfOP
ﬃ`
TRejQSLSLQﬃQ
a
QS
a
eﬃKNQoJ
b
hfK¡T
b
hLTP

ﬁ¿LKNejO T
b
JLLQ
¶
K«YZTRejSmJ KNQ VWQ%QkO
aﬀb
SLSfY[ejONORY[S
a
QkO%QS ejSﬀ
b
KNYZTNejUhLQJ
b
hfKONY
JLKNM
a
eQPhfO QY[ejVWQIJLK
b
 QkORORe
b
SLSLQ
]]
QIYrejSfO e UhLQ
] ^
Yr%e TNeMUh
^
e
]

^
Y
b"!
QKRTRQ\

le
a
LQ
]3­
e
]jb
VWQPY[h
] ^
QS
a

a]b
JiMkVWejQoXwejXZYrSUTRQwT
b
hr
b
hLK«O
b
hLX\QKRTRQ
u]
Y
 b
SLSfQoJiY
Ł
Q\
mb\]
Y[SfV
­
KNM
b
SfVJ
b
hLKORQPOoS
b


KNQhfORQPOdKNQ
]
Q
a
TNhLKNQPOIVWQ%%QPOoKRMkVLY
a
TRe
b
SfOoQTORQPO
aﬀb
SfORQe
]
OmY¬XweqO MkO

npY[O
a
Y
]$#
YrhLKNQS
Ł
Q
]
YTRK«YrSfUhLe
]]
eTRMuJiQPKNO
b
SLSfefMPQ?UhLe 
^
YY[JLJLKNejOdJfY[K
] ^
Q%wQP%J
]
Q
Uh
^
e
]
|Y[hWTXweXwKNQ
]
Y%XweQONYrSfOmO TRKNQPONOP
u
Y

KNe
a
Q
#
QP
b
SLSLejQKmJ
b
hLKO
b
S
a&
hfK
b
hLX\QKRTP
'#
YrhLK«YuSfVWKNeqYrY[OReS
b
K
b
J
b
hLKORQPO
 b
SiO
aﬀb
SiO QPe
]
O
(#
e
b
SLQ
]­b
h
a
iYrK«V)npYZTNKRe
a+*+­
KRe
Ł[Ł
QK,
b
O QPJ

Y['-\S.ﬁY\ORY\O%¯¤/ﬁ
b
KNORQﬀT,
ª
b
SLe
¶
Y[ORh
]j]
/ﬁ¿whfY[S
Ł
¶
hdgW
]
XweQ [QkYrSLSLejS

QPKRK«ÀrS+l YrK«\hfMPO
b
ORQJ

Y[-[S l
b
KNK
b
O
l
b
S\T«O QnpY[KNV

O%10oO
a
Y[K

e

QPOfn"Le
]
ejJLJiQ%gWY
]
Q

ejQKmQﬀT
# ]
hLejO
ª
b
KRKNQPOJ
b
hLK
]
Y
 b
SLSLQ
Yr

eqYrS
a
QIUh
^
e
]
O
b
S\TORh
a
KNMQK
u] ^
ejSUTRMKNejQhLKVWhJLK
b
QTl
b
KNJLLQ
aﬀb


le
a
LQ
]
¶
YrhLTRLejQKmQT

l YrK
a/2
YrK
b
UhLeQPK¡J
b
hLK
]
QPhLK
 b
SZ
b
hLKVWhYZTRejS 
3#
e
]
eqYrSfQQﬀT
¶
MK«YrK«VunºeJiYrh
]
TJ
b
hfK4ﬀTNKRQ
Ł
K«YrejSLQVWQ
ib
SLLQhfK¿QTVWQ
ib
SLSLQwhL%QPhLKP
lQPK
a
e V
^
Y¬X
b
ejK¡KRQPuJ
]
e
]
QK
\]
QIVWQJfY[KRQPSUTNOmY[V
b
JWTNe|OP

Y5|Y[%e
]j]
Q76 J KNQ?KNQ T«YrSUTRQuQﬀT8 KPKRQ:9Y[h O QPeS VWQ
]
Y[UhLQ
]]
Q
^
Yre QPh
]
Y
 b
SLSLQ
a
fY[S
a
QVWQISfY<;jTNKRQIQﬀT
]
Q
 b
SLLQPhLKVWQXwejXUKNQ[

UYrejuQpJ
b
hLK%Y¬X
b
ejK
Ł
YrK«VWM
]
Y
aﬀ]
MVWh
 b
SLLQPhLK%JiQPSfVLY[S\T%VWQh= YrSfOQS TNLM
b
KRejQ
TRK
b
eqOmYrSiO¡QﬀTVWQPue3QSJLKNYrTReqUhLQLONYrSfOmY¬X
b
ejKVLMPORQPORJiMPKRMIhLSLQORQh
]
QI%eSwhWTNQ[
ﬂ# b
TRfY[K
­
QK
Ł
QPSQﬀT>Ie
*
e
2
e
Ł
eSUT
b
SWgwQK
Ł
Q
­
QPh
a
LQK,w\Y
a
Q
*
ﬁ¿e
a

b?

#
h
a
dQ
a+*
QPK
ﬁ
]
YrejKRQp®Q
]
PSLQ"dQYrKRT¬
]
e
a
Q
¶
YrhLTRLejQK,<ﬁ¿Q
?
QPK
¶
b
KNQSkej%e TNKRoQﬀT ¯>KRQPSfY
¶
b
K
b*

b
Xwe
*

ce
aﬀb\]
Q
¶
hfQ
Ł
Y[SknºLe
]
ejJLJ Q
¶
hLe
L]
ejSZlY[K
a
eSI¯A@¡YrS
b
@O
*
e	
b
%ejSLeq\hfQ"[QPh
]
eS,B
]
Y[VLe%ejK
>IfY[KReT
b
S
b
XC\QPY[SﬀDEﬁ
]
YrhiVWQF>
]
QPeSG
#
YrhfKRQlQkOROReqYrQSGlYrKNehiO
?
l
]
wSfYrK
a?
h
*


MSLM
n QwK«YrK«VﬃQT
`
X\Q
]
wSLQ
¶
Y
Ł
SfY[eKNQ

YrJLfY[Q
]
gWY[ORJ
b
K T«Y[O
#
YrhLKNQSUTgWY¬XZY[KRrnºejQKNKRQIg
b
e
]]
Q
`
V
b
hfYrK«VgWUhLe
]]
Y
a
e	U®h
Ł
hLQPO
ª
Y
] b
T,
¶
e
]
QKRT
b
ª
e
]]
ÀrSGﬀﬁ
b
KRejSLSLQBºY
a
feQPKUlYrK
a
BºYrSﬀD
VWK
b[Ł
QS

K
b
Q
a+*
\hfe
b
SUT
aﬀb
SUTRKNe

hfM
Ł
MSfMKNQhfORQ%QSUT
/]_^
Yr

eqYrS
a
QORw%JfYZTNLejUhLQVLh
a
QPSUTRKNQoQTUhLe
b
SUTKNQSfVWh
b
SORM
b
hfK
%fb
SUTNY[eSLQ
L]
QPYrhejS
b
h
f]
eqY
L]
Q[
H
  
	


xPyrxkz




 #
Y
ab
%JLKNQPONO e
b
SV
^
ejY
Ł
QLVWM%fSLeTRe
b
SVWhTNY[hﬀVWQ
ab
%JLKNQPONO e
b
S I


 dQPOm%MﬀTN
b
VWQPO
aﬀ]
Y[ONO eqUhLQPO¡Yrh=%MﬀTR
b
VLQPO
b
KRejQSUTRMPQPO
b[
QﬀT4II 


H
lMTR
b
VWQkO
b
KNeQPSUTRMQkO
b[
QToIIIIoIIII
H

 ﬀ)n
]
YrSVWQ
a
QﬀT TNQITR=kO Q!IoIIIIoIIII
H
ﬁﬃﬂ
t !ryZz" xkz

t#$% xPz'&)(*fy",+-&-. z/0t  1
W

ª
KNY[SfOE
b
KRYrTRe
b
SfO¡l
b
KRJL
b[]jb[Ł
eqUhLQPO¿M
]
M%QPS\T«YrejKRQkO IIII

W


 #"^ 2
K
b
ORe
b
S IoIIIIoIIII

W


#
Yude
]
YrTNYZTNe
b
S	oIIIIoIIII

W


H
#
Q
¶
K«Y[VLeQPS\Tl
b
KRJf
b[]jb[Ł
ejUhLQ0IIoIIII 3
W

 ﬀ
#"^
¾dhLX\QKRTRhLKNQ%IoIIIIoIIII 3
W

 
#
Y

QKN%QﬀTRhfKRQ!oIIIIoIIII 4
W



¯>SUTRQPKRJfKRMTNYZTNe
b
SVWQ
] ^ b
hLX\QKRTRhLKNQdQTVWQ
]
Yﬂ QPKR%QTRhLKNQ II 4
W

53
#
QPO
a
fY[JiQkYrhﬀiYrhWTVWQ 
b
KR%Q 6¼T
b
JﬀD´fYZT 9 IIII 4
W
#
QkO¡TRK«YrSiOE
b
KRYZTNe
b
SfO
Ł
M
b
VWMkO eqUhLQPOIIIoIIII

WW
 #
YuVLe
]
YZT«YZTRe
b
S
Ł
M
b
VWMPORejUhLQ/IIIoIIII

WW
#"^ 2
K
b
ORe
b
S
Ł
M
b
VWMkO eqUhLQIIIIoIIII
!6
WW
H
#
Y

Q
aﬀb
SfO TRKNh
a
TNe
b
S IIIIoIIII
!6
W
H

e
]
TRKNQPO
aﬀb
SfSLQWQPOdIIoIIIIoIIII
!6
W
H

 
e
]
TNKRQkO¡JfYrKmKNQ
ab
SfO TRKNh
a
TNe
b
S IIoIIII
\
W
H


e
]
TNKRQkOmYrKNM
b[]
YrejKNQPO oIIIIoIIII


W ﬀ
#
Y
]
e
Ł
SLQVWQIJfY[K T«Y
Ł
QIVWQkOmQPY[hﬀ IIIoIIII

H
W 
#
Y%VWwSfY[%ejUhLQ%IIoIIIIoIIII

ﬀ
7
98#8
yZv:&_z x
8
); y<&_t $
8
/0 t

[t#
#=
H


de
!
MKNQSUTRQkOYrJfJLK
bWa
LQkOJ
b
hLK¡TRK«YreTRQPK
]
Y%VWej%QSfORe
b
STRQ%J
b
KNQ
]j]
Q I

4
H




[?>@[ IoIIIIoIIII

4
H


 JLJLK
bwa
fQ
ª
KNejVWej%QSfORe
b
SLSLQ
]]
QIIoIIII
k
H



H
JLJLK
bwa
fQoKNM
a
hLK«O ejX[QIIIIoIIII
6
H

#
QkOVWe
!
MPKRQPS
a
QkO¡QSUTRKNQVWQh=J
]
YrSfOORh
aPa
QPONORe|O¡V
^
hLSLQORMPUhLQPS
a
Q I

H

H
#
Q
b
hLX[QPuQPSUT IIoIIIIoIIII
H
H
 ﬀ gUTNKRh
a
TRhLKNQ
Ł
MPSLMK«Y
]
QIV
^
hfSORWOT%QVWQ
aﬀb
VLY
Ł
QoKRM
a
hLK«ORe
b
KNeQPS\TNM
b\
QﬀT Aﬀ
B
H
t .-( t

xPvLxPz

ﬁ:ﬂDC
v:
8
t*; yE&_vF&_z.

tGtG" vWy¬xPv:. tF t#twv:HIJ&|v:LK
kz/0t
ﬁ%M
ﬀf

gwej%J
]
e 
a
YZTRe
b
SVWQ
] ^
eY
Ł
Q/oIIIIoIIII4
ﬀf
`
wTRK«Y
a
TRe
b
SVWQIYrK«UhLQhLK«OdoIIIIoIIII
H

¯
ﬀf
H
ﬁ¿K
b
eqORONYrS
a
QoVLQ%Y[KNUhLQPhLK«OIoIIIIoIIII
HH
ﬀf ﬀ

MkO h
]
TNYrTNOVLQIORQ
Ł
%QSUTNYrTRe
b
SfO [ IIIoIIII
H
ﬀ
ﬀf  nºK
b[L]
%QVWQIKNMPO
b[]
hWTRe
b
S oIIIIoIIII
H

ﬀf W

ORhLKD M
a
fYrSUTRe
]j]b
SLSfY
Ł
QdVWQ
] ^
ejY
Ł
QIoIIII
H

ﬀf W VWQPhﬀSfeX\QPYrh=VWQKRMkO
b\]
hLTRe
b
S IIoIIII
H

ﬀf

nºK
b[L]
%Q
]
eM
%]
Y  KNY
Ł
e
]
eTRMVWQ
]
YVWwSfYr%eq\hfQoIIII ﬀ
H
ﬀf53 ﬁ
b
S
aﬀ]
hfO e
b
SiO IIIoIIIIoIIII ﬀJﬀ
1
H
t .-( t

xPvLxPz

xPyZzz( t

Pz'

t#&'&|t
C
v:
8
t ; y<&|v 


v:( z'/0 t
B M
W

¯>SUTRK
b
VWh
a
TNe
b
S IIIoIIIIoIIII ﬀ 3
W
ª
KNY[SfO %eqORORe
b
SVLQ
]_^
eS=
b
KN%YrTRe
b
SVWhJfY[ONORMIoIIII ﬀ 3
W
H
¯>S
a]
hfORe
b
SVWQIS
b
hfX[Q
]j]
QPO¡KNM
Ł
e
b
SiO IIIoIIII 

W ﬀ ﬁ
b
S
aﬀ]
hfO e
b
SiO IIIoIIIIoIIII Aﬀ
 ﬂ
z!;kz

1
M



¯>S
ab
SwX[MPSLeQPSUTNOmVWQ
]
Y%uMTR
b
VWQ

Y\O MPQO hLK
]
Q
Ł
K«Y[VLeQPS\TIII  3

 hLTRKNQPOm%MﬀTN
b
VWQPOVWQO Q
Ł
%QSUTNYrTRe
b
SIIoIIII 


W

ﬁ¿K
b
eqORONYrS
a
QIVWQIKRM
Ł
e
b
SfO
u]_^
M
a
fQ
]j]
QVWhJLe WQ
]
IIII 


W ﬁ¿K
b
eqORONYrS
a
QIVWQIKRM
Ł
e
b
SfO
u]_^
M
a
fQ
]j]
QVWQkO
?b
SLQPO¡J
]
YZTNQPO II 


W
H

hfO e
b
SVWQKNM
Ł
e
b
SfOoIIIIoIIII 



H
dejO
a
hfONORe
b
S!IIIoIIIIoIIII 



H

 
MkO
b\]
hLTRe
b
SIoIIIIoIIII
f


H
 nºK
b[f]
PuQkOmVWQ  hLeTRQkO¿IIIIoIIII
f


H

H
dhJLeWQ
]3u]
Y
?b
SLQIJ
]
YZTRQ	IIIoIIII
f


H
 ﬀ gwM
]
Q
a
TNe
b
SVWQY[KNUhLQPhLKNO IIIoIIII




H
 
¶
MPSLMK«Y
]
ejONYZTNe
b
SVWQ
]
YuKRMPMXZY
]
hfYrTRe
b
SVLQ
]
Y%VWwSfY[ueqUhLQ;I



 ﬀ ﬁ
b
S
aﬀ]
hfO e
b
S IIIoIIIIoIIII

H
M
~<&'.%iyZz x!+( t9tPz'

t
8
. z


 B
3w

¯>SUTRK
b
VWh
a
TNe
b
S IIIoIIIIoIIII

ﬀ
3w dQPO
a
KNeJWTNe
b
SVWQ
]_^
Y
]jŁ[b
KReTRL%QVWQ8 hfORe
b
SVWQKRM
Ł
e
b
SfOIIII

ﬀ
3w
H
leqO QQPS
&
hLXwKRQIIoIIIIoIIII
\
3w
H

 
QPJLKNMPORQSUTNYrTRe
b
SVLQ
]_^
eS=
b
KN%YrTRe
b
S IoIIII
\
3w
H

¶
QkOTNe
b
SVWQY
a
K
b
D´KRM
Ł
e
b
SfO IIoIIII

3
3w
H

H
¶
QkOTNe
b
SVWQY
a
K
b
D>YrKﬀTRQkO IIIoIIII

4
3w
H
 ﬀ ﬁ
]
Y[ONO QP%QSUTVWwSfYr%eq\hfQIVLQPOmYrKﬀTNQPO¡JfY[K
b
K«VWKNQoVWQIXZY
]
hfYrTRe
b
S 
\
3w
H
  n"ORQhiV
b
D
aﬀb
VWQVWQ
] ^
Y
]Ł\b
KNe TNL%Q[ IoIIIID3
3w ﬀ
`
WQ%J
]
QJ MPVLY
Ł[b[Ł
ejUhLQ oIIIIoIIIID3
H
=
H
t .-( t

xPvLxPz

ﬁ ﬂ
" vWy Pz'

ty
8
. z


M =
4L

JfJ
]
e
a
YrTRe
b
SVWejKRQ
a
TNQIVLQ
]_^
Y
]jŁ[b
KReTRL%QIVWQ  hfORe
b
S

hfSLQIeY
Ł
QIKRMPQ
]j]
Q D3A4
4L


 
hfO e
b
SVWQKNM
Ł
e
b
SfO¡ORY[SfOmY
a
TRhfY
]
eqORYrTRe
b
S oIIIID3A4
4L



hfO e
b
SVWQKNM
Ł
e
b
SfO¡Y¬X[Q
a
Y
a
TRhfY
]
eqONYZTRe
b
S oIIII 4

4L nºKNMﬀTNKNY[e TNQ%QSUTIIoIIIIoIIII 4

4LW
 2º]
ejuejSfYrTRe
b
SVWh

KNhLe T IIIIoIIII 4 
4LW
2º]
ejuejSfYrTRe
b
SVWQPO¡KNM
Ł
e
b
SfO¡VWQITRK«YrSiO eTRe
b
S!oIIII 4
H
4LW
H
#
ejONORY
Ł
QIVWQPO
ab
SUT
b
hLK«O IIIIoIIII 4ﬀ
4L
H
ﬁ¿KNe TKNQPOmVWQ  hfORe
b
S IoIIIIoIIII 4#3
4L
H


ﬁ¿KNe TKNQVWQ
aﬀb
SUTNKNY\OTNQ IIIIoIIII 4#3
4L
H
 ﬁ¿KNe TKNQVWQ
aﬀb
SUTNKNY\OTNQ
]jbWa
Y
]
IIoIIII
J6
¯R¯
4L
H

H
dejO
a
hiORORe
b
SIoIIIIoIIII
f
4L
H
 ﬀ ﬁ¿KNe TKNQVWQoTRQwTNhLKRQ IIIIoIIII
f
4L ﬀ ﬁ
b
S
aﬀ]
hfO e
b
S IIIoIIIIoIIII
;6

 
H
t .-( t

xPvLxPz

t 
8
/0 t

[t#$jz( v:. t# " vWy Pz'

ty
8
. z


 B




]jŁ[b
KReTRfuQVWQ  hfORe
b
S VWQKNM
Ł
e
b
SfOPeSUTNK
b
VWh
a
TRe
b
S VWQ%Y[KNUhLQPhLK«OIQﬀT
TRK«YreTRQP%QSUTVWQIS
b
hfX[Q
]j]
QPO¡KNM
Ł
e
b
SiODIIIoIIII
;6


 nºKNMﬀTNKNY[e TNQ%QSUTIIoIIIIoIIII
;6
3

W
 
e
]
TNKNY
Ł
QYrKNM
b\]
Y[eKNQ oIIIIoIIII
;6
3

W
·
TRe
]
eqORYrTRe
b
S%VWQ
]_^
ejSﬀ
b
KNYZTRe
b
S%VWQ¡
b
hLX\Q%QSUTpJ
b
hLKºY[uM
]
e
b
KNQK
]
Y
aﬀb
SUTNeSwhLeTRMITNQ%J
b
KRQ
]]
Q IIIoIIII
;6
4

W
H
`º]
ejuejSfYrTRe
b
SVWQPO¡KNM
Ł
e
b
SfO¡VWQITRK«YrSiO eTRe
b
S!oIIII
[
H


H
ﬁ¿KNe TKNQPOmVWQ  hfORe
b
S IoIIIIoIIII
[
ﬀ


H


ﬁ¿KNe TKNQVWQ
aﬀb
SUTNKNY\OTNQ IIIIoIIII
[
ﬀ


H
 ﬁ¿KNe TKNQVWQoTRQwTNhLKRQ IIIIoIIII
[



H

H
ﬁ¿KNe TKNQVWQI
b
hLX[QP%QSUT!IIIoIIII
[
3

 ﬀ ﬁ
b
S
aﬀ]
hfO e
b
S IIIoIIIIoIIII





xPyrxkz

 tF&jv:&.-iy¬z|x;+( t  t  kz

t y
8
.iz'

 " vWy ( %itJK
( t

x v

 &|v
C
-J&|t t  v:. t
:ﬁ
1
;6


l
b
VWe 
a
YrTRe
b
SfOmVLQ
]
Y%ORQ
Ł
%QPS\T«YZTNe
b
S9IIoIIII



;6




¶
MPSLMK«YZTNe
b
SVWQ
]
YO Q
Ł
%QSUT«YZTRe
b
S fSLQ!oIIII



;6


 
¶
MPSLMK«YZTNe
b
SVWQ
]
YO Q
Ł
%QSUT«YZTRe
b
S
Ł
K
b
ONO eﬃKNQDIIII

 3
;6
  l
b
VWe 
a
YrTRe
b
SfOmVLh
ab
VLY
Ł
QIVLQ
ab
SUT
b
hLKmIIoIIII

H

;6

H
l
b
VWe 
a
YrTRe
b
SVWQ
]
Y
ab
%J QSfONYZTNe
b
SVWQ
b
hLX[QPuQPSUT%IIII

HH
;6
 ﬀ

MkO h
]
TNYrTNO;IIIoIIIIoIIII

H
3
;6
 ﬀi

gwMkUhLQS
a
Q	
fb
KNQYrS
BIIIIoIIII

H

;6
 ﬀi  gwMkUhLQS
a
Q	 cQ%@O
DoIIIIoIIII

ﬀ

;6
 ﬀi
H
gwMkUhLQS
a
Q	ﬁY[KRJL
b
SLQ
IIIIoIIII

ﬀ#
;6
  ﬁ
b
S
aﬀ]
hfO e
b
S IIIoIIIIoIIII
P
4
-


rxPz'

v:&|z|x
8
  
[


¯>SUTRK
b
VWh
a
TNe
b
S IIIoIIIIoIIII
P\
[
  gwhLejXwe3V
^ b[
QTNO IIoIIIIoIIII

3
6
[
 L

¶
MPSLMK«YZTNe
b
SVWhY[ONUhLQ IIIoIIII

3
6
[
 L  gwhfeXwe3VWhY[ONUhLQ oIIIIoIIII

3

[
 L
H

hfO e
b
SiO¡JfYrKm
b
hfX[Q%QPS\TmQT 
b
S
a
TRe
b
SLSfY
]
eTRMIIII

3

[

H

MkO h
]
TNYrTNO;IIIoIIIIoIIII

3
[
 ﬀ ﬁ
b
S
aﬀ]
hfO e
b
S IIIoIIIIoIIII

3
:ﬁ


&kz

:M
1

L

n QK«O J Q
a
TRejX[QkOIIIoIIIIoIIII

3J3
¯ ¯R¯
  
	

#
Q VWMX\Q
]jb
JLJ Q%QPS\T V
^
Y[JLJ
]
e
a
YZTNe
b
SfOTNQ
]j]
QkO UhLQ
]
Y+XweqVWM
b
TRM
]
MPJL
b
SfeQ
]
Y+XUeqVWM
bwab
SﬀD
 MKNQS
a
Q
b
h
]
Qﬃh
]
TRej%QPVWeqY
b
SUT
a
KNMM
]
YSfM
a
QkOROReTRMVWQ
aﬀb
VWQPKoVWQkOORMPUhLQPS
a
QkOV
^
eY
Ł
QPO

TRKPO

Y[OIVWM

eTP
#
QPOIO WO TPuQkOIVWQ
ab
%JLKNQPONO e
b
S V
^
ejY
Ł
Q
b
KNejQSUTRMkO
b\
QﬀT, YrJLJ Q
]
MPO
YrhiORORewuMTR
b
VWQkO VWQVLQhﬀWeﬃ%Q
Ł
MSfMK«YZTRe
b
SG
b!
KNQSUT hLSLQ¡Y
]
TRQPKRSfYrTRejX[Q¿JLK
b
%QﬀT TNQhfORQ¡Yrhﬀ
%MﬀTN
b
VWQPO
a]
Y\OROReq\hfQPOP5ﬁ¿QkOI%MﬀTR
b
VLQPOORQ%KNY[JLJLK
bwa
fQSUTIVLh
aﬀb
%J
b
KRTRQPuQPSUTVLQ
] ^ &
e
]
whLYrejSpVWQPO TRejSfYrTNYrejKNQfSfY
]
VWQPOﬃO WO TPuQkOVWQ
aﬀb
VLY
Ł
QQﬀTﬃVLM
a
KNejX[QSUThLSfQej%Y
Ł
QQPS
TRQPKR%QkO¿V
^ b[
QﬀTNO¿JLKNMPORQSUTNOVLY[SfO
]
YO
a
PSLQ[peSfORe UhfSORwO TP%QdVWQ
aﬀb
VLY
Ł
Q
b
KRejQSUTRM
b[
D
QﬀT
b
J KNQQSVWQPhﬀMTNY[JiQkO¿hLSLQJLKNQ%eﬃKNQIMﬀTNY[JiQﬃV
^
Y[SfY
]
WO QfYrJfJiQ
]
MPQO Q
Ł
%QSUTNYrTRe
b
S
UhLemVWM
ab
%J
b
ORQ
] ^
ejY
Ł
QQS
b\
QﬀT«O76 QSiO QP
L]
QPOuVWQJLeWQ
]
OﬃX[MPKRe iYrSUTuhLSLQ
aﬀb
SiVWe TNe
b
S
V
^

b

b\Ł
MSfMeTRM,9QﬀTﬃhfSLQORQ
ab
SfVWQMﬀTNY[JiQUhLe¿
b
VWM
]
eqO Q
]
Y 
b
KNuQQﬀT
]
Q
ab
SUTRQPSwh VWQPO
b[
QﬀTNOmORQ
Ł
%QSUTRMkO
#
Q¿TRK«Y¬X¬Y[e
]
VWQ
a
QT TNQ¿TN=PORQ¡QPO T
ab
SfONY
a
KRM
]
YoO Q
Ł
%QSUTNYrTRe
b
SVLQ¡ORMPUhLQPS
a
QkO V
^
ejY
Ł
QkO%
ONY
a
fY[S\To\hfQ
]_^ b[
Q
a
TNe iSfY
]
QPO ToVWQ
]_^
ejS\TNM
Ł
KRQPKdVLY[SfOhLS O WO T%QuVWQ
ab
VfY
Ł
Q
b
KRejQSUTNM
b[
QﬀTP
c
b
hiOY¬X
b
SfO
aﬀb
%%QS
a
M S
b
TRKNQTNKNY¬XZYre
]
QS+S
b
hfO 
b
SfVLY[SUTORhLK
]
Q JiYrK«Y[VWe
Ł
%Q VWQ
ORQ
Ł
%QPS\T«YZTNe
b
SVWQ
]
Y
b
KNJL
b\]b\Ł
ejQmYZTRfMYZTNejUhLQ\
]
Y
]
e
Ł
SLQdVLQJfY[K T«Y
Ł
QdVWQPO¿QPY[hﬀ%VLh
Ł
K«Y[VLeQPS\T

JfYrKRTRejKdVLQPOY[KNUhLQPhLKNOdVWQPOKRM
Ł
e
b
SfOdUhLQ
] ^ b
SX[QPhWTQwTNKNY[eKNQ[8ﬁ¿QﬃO
a
LMPY
YV
b
SLSLM
]
ejQh

VWQS
b


KNQhfORQPOYrJLJ
]
e
a
YZTNe
b
SfOY[ejOpVLYrSfO
]
QV
b
Y[eSLQVWh
aﬀb
VLY
Ł
Q
a
Q
]
Y
aﬀb
SfVWhLeT

VWQkOIVWe
a
h
]
TNMPOoKNMQ
]j]
QPOP ﬁ¿QPOIVWe
a
h
]
TRMPOO
b
SUTIVWhLQPO
]
YJLKNMPORQS
a
QﬃVWQ
VWMTNYre
]
O iSfO%
b
h
a
Q%UhLe KRQPXweQPS\TIYrh 'P%Q
]
YJLKNMPORQS
a
QﬃVWQu
b
hLX\Q%QSUTNOdK«YrJLeqVWQPO
UhLe
Ł
MS KNQSUTdVWQkO
b[
QﬀTNO fSfOdVLYrSiO
] ^
Y"WQTRQPuJ
b
KNQ
]

`
S Q
!
QﬀT,?VfYrSfO
]
QuV
b
YrejSLQVLh
aﬀb
VLY
Ł
Q
]
QPO
ab
SfVLe TNe
b
SfOV
^
M
a
fY[S\TNe
]j]jb
SLSfY
Ł
Q
b
KNJL
b\]b\Ł
eq\hfQSLQO
b
SUTJfY\OX[MPKRe fMPQPOP
#º^
YrSiY
]
wORQVWQkOﬃVLe
a
h
]
TNMPOﬃKRQPS
aﬀb
S\TNKRMPQPOS
b
hfOuY
ab
SfVWhfe T

hLS YrhWTNKRQJfYrK«Y[VWe
Ł
%QVWQ
ORQ
Ł
%QPS\T«YZTNe
b
S

Y[ORM
a
QﬀTRTRQ 
b
ejO D
a
e O hfK
]
Y  hfORe
b
SVWQKRM
Ł
e
b
SfOP
c
b
hiOY¬X
b
SfOY[eSfORe VWMX\Q
]jb
JLJ MhLS Y
]Ł\b
KNe TNL%QVWQ3 hiO e
b
S VLQKRM
Ł
e
b
SfOPm¯>%J
]
M%QSUTRM
ORhLK hLSLQºO TRKNh
a
TRhLKNQºVWQ
Ł
KNY[JLLQpV
b
SUT
]
QPO S
&
hfVLO QT
]
QkO YrKﬀTNQPO O
b
SUT MXZY
]
hLMkO%
] ^
Y
]Ł\b
KNe TNL%Q
QPO T
]
Y
b
ejOQ	
a
Y
a
QQﬀTIO h
ONYr%%QSUTiQWe
f]
QJ
b
hfKJLKNQSfVLKRQQPS
aﬀb
%JWTNQhLSLQ
]
Y[K
Ł
Q
XZYrKNeMTRMuVWQ
a
KReTPKRQkO
`
S JiYrKRTRe
a
h
]
eQPK?VLY[SfO
]
Q

hWTVWQﬃKNQSiVWKRQ
]
Q%O WO TPuQuVWQ
aﬀb
VLY
Ł
Q
Ł[]jb[
Y
]
Q%QSUT
aﬀb
LMKNQSUTWS
b
hfOY¬X
b
SfOJLKNeqO¡QS
aﬀb
uJLTRQVLY[SfO
]
QPO
a
KReTPKRQkOmVWQ  hfORe
b
S
]
QPO
a
Y[JfY
a
e TNMPOmVWQkOmY
]jŁ[b
KReTRL%QkOVLQ
aﬀb
VLY
Ł
QoY[JLJ
]
ejUhLMkOmYrJLKPO
]
YO Q
Ł
%QSUT«YZTRe
b
S3
`
SﬀfS S
b
hfOoY¬X
b
SfOme
]]
hfO TRKNM
]
QﬃJ
b
TNQSUTRejQ
]
Uh
^ b!
KNQ
]
YORQ
Ł
%QSUTNYrTRe
b
S

hfS ORwO TP%Q
VWQ
aﬀb
VLY
Ł
Q[
`
SQ
!
QﬀT,
]
YﬃO Q
Ł
%QSUTNYrTRe
b
SejSUTRK
b
VWhLeT
]
YS
b
TRe
b
SV
^ b\
QﬀTmVLY[SfO
]
Q
aﬀb
VWQPhLKP
ejSfORe
]
Q%VLMX[Q
]b
JLJ Q%QSUTVWQ
b
S
a
TRe
b
SfSfY
]
e TNMPO TRQ
]]
QPO\hfQ
]
QORhLeXweºV
^ b[
QﬀTNO3VWQPXweQPS\T
hLSLQoQwTNQSfORe
b
SSfYZTNhLKNQ
]j]
QoVWQPOY
]jŁ[b
KReTRL%QkO"VWQ
aﬀb
VLY
Ł
Q[ ﬁ¿QPO4
b
S
a
TRe
b
SLSiY
]
e TNMPO¿KRQPS\TNKRQPSUT
VLY[SfO
]
Q
a
Y\VWKNQºVWQPO3S
b
hLX\QPY[hﬀ
b\
Q
a
TRe |O)=WMPO3JfYrK
]
YmS
b
KNuQºVLQ
aﬀb
VLY
Ł
QpXweqVWM
b
ln
` ¶
ﬀf
  	
 


?  
 ﬁﬀﬃﬂ "!$#	%'&)(*(,+-. /
<
+!0ﬀ1&23/54768.5+:9*+-. /	; 9*ﬀ;=<
/5&>ﬂ "!$#	%'&)(*(,+-.

M
a
Q%%QSUT
]
Y
aﬀb
%JLKRQkORORe
b
SdV
^
ejY
Ł
QPQT QSJfY[K TNe
a
h
]
eQPK
]
Y
ab
%JLKNQPONO e
b
SIVWQºORMPUhLQS
a
QPO
V
^
eY
Ł
QPOQkOTVWQX\QSwhLQ hLSORhZQﬀT VLQ
Ł
K«YrSfVoejS\TNMKﬀT
Ł
K

a
Q YrhVWMX\Q
]jb
JLJ Q%QPS\T3V
^
Y[JLJ
]
e
a
YZTRe
b
SiO
TRQ
]]
QPO UhLQ
]
Q XwejVLM
b
TNM
]
MJL
b
SLQ
]
Y+XUeqVWM
bwab
Sﬀ MPKRQPS
a
QQﬀT
]
QkO ﬃh
]
TNe%QkVWejY+J
b
hLK SLQ
a
eTRQPKUhLQ
]
QkO%J
]
hiO%e%J
b
KRTNYrSUTNQPOP
#
QkO%eY
Ł
QPO
ab
SUTRejQSLSfQSUThLSLQMS
b
KR%QUhfYrSUTNe TNM
V
^
eS=
b
KN%YrTRe
b
S
a
QUhLemKNQSfV
aﬀb@?
TRQPhﬀ
]
QhLKO T
bWa+*
Y
Ł
Q
b
h
]
QhLK%TNKNY[SfORueqONO e
b
S O eQ
]]
QPO
SLQO
b
SUTJfY\O%JLKRMkY
]
Y
L]
Q%QPS\T
ab
%JLKNQPONO MPQPOP npY[KQWQ%J
]
QJ
b
hLKTNKNY[SfORuQT TNKRQhLSLQ
ORMPUhLQS
a
QVWQ [IejY
Ł
QkOpJfY[K¿ORQ
aﬀb
SfVWQVWQ [

× \

JLe WQ
]
O"Y¬X\Q
a
[

SLejX[QPY[hﬀuVWQ
Ł
KNejO
64

eTNOºJfYrKpJLe WQ
]
9 UORY[SfO
]
Y
aﬀb
%JLKRQkORORQK,Ze
]
|YrhfVWK«YreTphLSVWM

e T"VWQ

H
l

e T«OBAdO Q
aﬀb
SfVWQ[
 iS!VWQ %eQPhﬀ+QWJ
]jb
eTRQPK
]
QPO
b
[QPSfOVWQ TRK«YrSiO %eqORORe
b
SUhLeO
b
SUTJLwWORejUhLQPuQPSUT
]
e%eTRMPO
b
S QkOT
b[f]
e
Ł
M%VWQuKRQ
a
LQK
a
LQKIVWQkOIKRQkV
b
SfVfYrS
a
QPOoVWQ%%Y[SLeﬃKNQ

TRK«YrSfOR%QﬀTRTRKNQ
] ^
ejSﬀ
b
KNYZTNe
b
S Y¬X\Q
a
hLS S
b


KNQVWQ

eTNOJ
]
hfO |Y[e
L]
Q[
#
Q

hWTVWQ
]
Y
aﬀb
%JLKRQkORORe
b
S
V
^
eY
Ł
QQkOT%VWQKNMPVLhLeKNQY[hWTNY[S\T%UhLQJ
b
ONO e
L]
Q
]
QS
b


KNQVLQ

eTNOﬃSLM
a
QPONORY[eKNQJ
b
hLK
KNQ
aﬀb
SfO TRKNhLeKNQhLSLQ
aﬀb
JLejQ3iVﬀ
]
QuVWQ
] ^
eY
Ł
Q
b
KRe
Ł
ejSfY
]
Q[
#
YKNQJfKRMkO QPS\T«YZTNe
b
S
a
YrS
b
SLeq\hfQ
V
^
hLSLQeY
Ł
Q¿VLe
Ł
e T«Y
]
Q¿KNQPUhLejQKRTDCFEG × H × I

e T«O%
b@J
N×M O
b
SUT
]
QPO VWej%QSfORe
b
SfO
VWQ
] ^
ejY
Ł
QoQﬀT b
]
QIS
b


KNQoVLQ

eTNO¡J
b
hfKmKRQPJLKRMkO QPSUTRQK¿hLSJ
b
eSUT D´ej%Y
Ł
Q6 hLSM
a
iYrSUTRe
]
D
]jb
SV
^
eY
Ł
QO QPKNY%Y[JLJiQ
]
MJfeWQ
]
\hfe QPO ThLSLQY

KNMXwejYrTRe
b
SVWhTRQPKR%QYrS
Ł[]
YreqO JLe
a
TNhLKNQ
Q
]
Q%QPS\T 
E9ﬀ¡gWe
b
SQkOT
a
YrJfY
L]
QVLQKRQ
aﬀb
SiOTNKRhLejKNQohfSLQ
aﬀb
JLejQVWQ
]_^
ej%Y
Ł
Q

JfY[K TNeKdVWQ ﬁ

eTNO
b
SVWejKNY%UhLQ
]
QoTNYrh=VWQ
aﬀb
%JLKRQkORORe
b
S
b\
TRQPSwhQkOTVWQ
T =
B
C
n
b
hLKdhLS ORWOT%QVWQ
aﬀb
%JLKNQPONORe
b
SV
b
SLSLMiJ
]
hfO
]
QTNY[hﬀVWQ
aﬀb
%JLKRQkORORe
b
SQPO TdM
]
QPX[M
J
]
hfO
]_^
ej%Y
Ł
Q
ab
VWMQ O
^
M
]jb
e
Ł
SLQ VWQ
] ^
eY
Ł
Q
b
KRe
Ł
ejSfY
]
Q[ gwQ
]jb
S
]
QkOY[JLJ
]
e
a
YZTRe
b
SiO%
]
QPO
TNY[hﬀVLQ
aﬀb
uJfKRQkORORe
b
SKNQ
a
fQK
a
LMPOmO
b
SUTVWe
!
MPKRQPSUTNOP
·
SLQJLKNQ%eﬃKNQ
a]
Y\ORORe 
a
YrTRe
b
SVWQPO
%MﬀTN
b
VWQPOIVWQ
aﬀb
VLY
Ł
QJ QhWTTRKNQQSwXweqORY
Ł
MQ

JfY[K TNeKoVWQPO
b\
Q
a
TRe |OoUhLQ
]_^ b
S O Qﬂ=WQ[
ﬁ¿QKRTNY[eSfQPOduMTR
b
VWQkO
b
SUTdMﬀTNMuVLMfSLejQPOdJ
b
hLK ﬀTNKRQ
a
Y[JfY
L]
QPOdVWQuKRQ
aﬀb
SiOTNKRhLejKNQQLY
a
TRQD
%QSUT
]_^
ej%Y
Ł
Q
b
KNe
Ł
eSfY
]
Q86 %MﬀTN
b
VWQPOpONYrSiO3J QKRTRQkO9ﬀ
#
QPO TNY[hﬀVWQ
aﬀb
uJfKRQkORORe
b
SYZTRTRQejSUTNO
SLQuVWMJfY\ORORQSUTJfY\O 
b
h
H
/ﬁ¿QT TNQ
aﬀb
SUTRK«YrejS\TNQQPO ToO
b
hLX\QSUTmTRK
b
JO TRKNe
a
TRQ\
#
QTNYrh=VWQ
aﬀb
%JLKRQkORORe
b
S V
b
SUT
b
S Y

QPO
b
ejS/VLYrSfO
]
YJ
]
hLJfY[K TVWQkOoY[JLJ
]
e
a
YZTNe
b
SfO
aﬀb
S
a
QKNSfY[S\TIVWQPO
ej%Y
Ł
QkO%rQkOTO hLJ MKNejQhLK"V
^
Y[h
b
eSiOphLS
b
K«VWKNQVWQ
Ł
K«YrSiVWQhLK
a
Q
]
hLefUh
^ b
ShLTRe
]
eqO QdVLYrSfO
]
Y
aﬀb
uJfKRQkORORe
b
SVWQdV
b
SLSLMPQPO[YreqO"QPS%QTNQ%JfO¿e
]
JiQPKR%QT"hLSLQdJiQTReTRQIVWejO T
b
KNORe
b
S

VWQ
] ^
eSﬀ
b
KRYrTRe
b
SVLYrSiO
]
YuQkO hfKRQ
b@Ju] ^ &
e
]
Uhf%Y[eSSfQ
]
YIJ QK«½
b
e TºJiY[OP
#"^ b\
Q
a
TRe  QkOT
VWQ%KNQPO TReTRhLQPKhLSLQ
aﬀb
JLeQVWQ
] ^ b
KNe
Ł
eSfY
]
Y¬X\Q
a
hLSLQ
a
QKRTNYrejSLQ%VWeqOT
b
K«O e
b
S Y[ejOIXweqO hLQ
]]
QD
%QSUTJLK
bWa
LQVWQ
] ^
ejY
Ł
QVWQVLMJfY[K Tk¾dS/JiQPhWT
b[
TRQSfeKVLQPOejY
Ł
QkOIQSYrJfJfYrKNQS
a
Q
eqVWQSUTReqUhLQPO
] ^ b
KRe
Ł
ejSfY
]
Y¬X\Q
a
hLS TNYrh= VWQ
aﬀb
uJfKRQkORORe
b
S V
^
QSwXwejK
b
S
;6
ucMPY[SL
b
ejSfO%
a
QPK T«YrejSLQPOmY[JLJ
]
e
a
YZTNe
b
SfO¡KRQkUhLe PKRQPSUT¡hfST«YrhﬀVWQ
aﬀb
%JLKRQkORORe
b
SJ
]
hfOM
]
QX\M[pn
b
hLK
a
Q
a
e	
e
]
QkOTuSLM
a
QPONORY[eKNQV
^
QwTRK«YrejKRQ
]_^
eS=
b
KN%YrTRe
b
S UhLeS
b
hiOJ QKNuQT TNKNY VWQKNM
a
hLJiMPKRQPKhLSLQ
ej%Y
Ł
QORe%J
]
eiMQYreqO¡KRQPJLKNMPORQSUTNYrTRejX[QdVLQ
]_^
eY
Ł
Q
b
KNe
Ł
eSiY
]
Q[
 
5
&)( !04 9	 /	&)($ﬂ-ﬀ(*(,+ ;	&)( ﬀ;=< !04 95 /	&)(  % +	
&). 9*4)&)( 
 & 9
#
QkOIJLKNQ%eQPKNOIJiY[OIQS
ab
%JLKNQPONO e
b
S V
^
ejY
Ł
QuhLTRe
]
eqO QPSUT
]
YTRfM
b
KNejQ%VLQ
]_^
eS=
b
KN%YrTRe
b
S 
dQhﬀ
Ł
K
b
hLJ QPOVWQ"TNQ
a
LSfejUhLQkOVLQ
ab
VfY
Ł
Q
b
SUT MﬀTRMmVWMPX[Q
]b
JLJiMkO VLQJLhLeqO
]
QPO YrSLSfMQPO O
b
e  D
YrSUTNQdVLY[SfO
a
Q
a
Y[VWKNQ[
]
QPO¿TRQ
a
LSLeq\hfQPOO JfYrTReqY
]
QPOUUhLe TNKNY¬XZYre
]j]
QPS\T¡VWejKRQ
a
TRQP%QSUTY¬X\Q
a]
QPO
XZY
]
QhLK«OVWQkOM
a
iYrSUTRe
]]jb
SiOVWQ
]_^
ej%Y
Ł
QQT
]
QkO%MﬀTR
b
VLQPOTNKNY[SfO 
b
KNuMPQPO3UhLeºhWTNe
]
eqO QPS\T
]
YKNQJLKNMPORQSUT«YZTRe
b
S O J Q
a
TRK«Y
]
QuVWQ
] ^
ejY
Ł
QuQﬀT
]
YORejuJ
]
e fQSUTkﬁ¿QPOo%MﬀTN
b
VWQPO3VWM
aﬀb
 D
J
b
ONYrSUT
]_^
ej%Y
Ł
QQPS
L]jbwa
OKNM
Ł
h
]
ejQK«O%QﬀTQWJ
]jb
eTNY[S\T
]
Y
ab
KNKRM
]
YrTRe
b
S
]_^
ejS\TNMKNeQPhLKVWQ
a
fY\\hfQ
L]bWa
\VLY[SfO
]
QV
b
YrejSLQORJfYZTNejY
]Lb
hORJiQ
a
TNKNY
]

b
SUTºJfYrKRTRejQVWQ
a
QUh
^ b
SYrJLJ Q
]j]
Q
²  N§ﬀ»u¥ﬀ N§ #U¢ﬀ¨?¢ﬀ R±r©_¥|³r¨!¦[§ﬀ££ ¬£«©»%§ﬀ£¦\§ﬃﬂ«³Z»²  R§ﬀ£«£¤¥|³Z¨ ¦  ¥¼»%± #\§
#
QPO
L]jbwa
O%hWTRe
]
ejORMPO
J
b
hLK¿QWJ
]jb
eTRQK
]
Y
ab
KNKRM
]
YrTRe
b
S%VWQ
] ^
ejY
Ł
QSLQO
b
SUTºJfY[O
]
ejMPO

O
b
S
aﬀb
S\TNQSwh 
#
QkO TRK«YrSﬀD
ORe TNe
b
SfOQPS\TNKRQ
L]bWa
OVWQPXUejQSfSLQSUTXweqO e
L]
QPOUhfY[SfV
b
SQkORONY¬[QV
^
YrT TRQPeSiVWKRQﬃVWQPOTNYrh=VWQ
aﬀb
%JLKRQkORORe
b
SM
]
QPX[MkO
#
QkOuMTR
b
VWQkO
b
KNeQPSUTRMQkO
b\
QﬀT,LYrJLJ Q
]
MQkOmYrhfONORe %MTR
b
VWQkOmVWQ¦[§µ
¹
¥»§#U¢ﬀ¨?¢ﬀ R±&!
© ¥|³Z¨ Y[JLJfY[KNY[ejONO QPSUT
ab
%%QhLSLQ Y
]
TNQKNSfYZTNeX\Q[ ﬁ¿QkO%MﬀTN
b
VWQPOO QK«YrJfJLK
bWa
LQPSUTVLh
aﬀb
%J
b
K TNQ%QSUTVWQ
]_^ &
e
]
whLY[eSVWQPO TRejSfYrTNYrejKNQ fSiY
]
VWQPOORWOT%QPO%VWQ
ab
VfY
Ł
QºQﬀT
VWM
a
KNeX\QSUThLSfQ ej%Y
Ł
Q QS+TNQKN%QPOV
^ b\
QﬀT«O
#"^
ejY
Ł
Q S
^
QkOTJ
]
hfOVWM
ab
%J
b
ORMQQPS
L]jbWa
OmYrK

eTRK«YrejKRQkO¿VLhJ
b
ejSUTmVLQXUhfQIVLQIO
b
S
aﬀb
S\TNQSwhWYreqO¡QS
b[
QﬀTNO
ab
KNKRQkO J
b
SiVLYrSUT

VWQkOQPS\TNe TNMPOJLKNMPORQSUTRQkOVLYrSiO
]
Y O
a
SLQ\
#º^
eSUTNMKﬀTVLh
aﬀb
VLY
Ł
Q
b
KNejQSUTRM
b\
QﬀTQkOT
V
^ b[
TNQSLejK¿VLQPOºejY
Ł
QPO"ORejuJ
]
e fMQkOºYreqO
ab
SUTRQPSfYrSUTºhLSfQejSﬀ
b
KNYZTRe
b
S
]
ejMQY[h
aﬀb
SUTNQSwh
VWQ
]
YO
a
SLQ\¾dS/J QhWTQkO J MKNQKUh
^
hLSLQY[SfY
]
WO QVWQ
]_^
eY
Ł
Q

TRK«YreTRQPK
b
JWTNe%eqO Q
]
QPO
J QK
b
KN%Y[S
a
QkO¡VWh
aﬀb
VWQhfKP
#
QkO%MTR
b
VWQkOﬃVWQ
]
YJLKNQ%eﬃKNQ
Ł
MPSLMK«YZTNe
b
S
aﬀb
VWQPS\TORe%J
]
Q%QSUT
]
Q
aﬀb
S\TNQSwh VWQ
a
fY\\hfQ
L]jbwa
6
]
YJ
b
OReTRe
b
SQT
]
Y 
b
KN%QﬃVWQkO
f]bWa
OdQPO T
ab
SLSwhLQuYJLKNe
b
KNe 9 JiYrK
ab
SUTRKNQ
]
QPO¿uMTR
b
VWQkO
b
KRejQSUTRMPQPO
b[
QT¿V
b
ejX[QPSUT
aﬀb
VWQPK
]
YJ
b
ORe TNe
b
S
]
Y 
b
KR%QQT
]
Q
aﬀb
SUTRQSwhVWQ
a
fY\\hfQ
b[
QTPdgWe hLSfQej%Y
Ł
QQkOToKRQPJLKNMPORQSUTRMPQQS VWMTNY[e
]


QPY[h
aﬀb
hLJV
^
eS=
b
KN%YrTRe
b
SfO
X
b
SUT5ﬀTRKNQSLM
a
QkORONYrejKRQkOJ
b
hLK
aﬀb
VWQK
]
QkO
aﬀb
SUT
b
hfKNOVLQPO
b\
QﬀT«O%
a
Q UhLeIVWMPONY¬XZYrSUTNY
Ł
Q
]
QPO%MTR
b
VWQkO
b
KNejQSUTRMPQPO
b\
QﬀTJiYrKK«YrJfJ
b
K TY[hﬀ%MTR
b
VWQkO
aﬀ]
Y[ONORejUhLQkO¡npYrK
ab
SUTRKNQ
]
QPO¡%MﬀTN
b
VWQPO
b
KRejQSUTRMPQPO
b[
QTV
b
SLSfQSUTVWQIuQPe
]j]
QhLK«OKRMkO h
]
TNYrTNO
]jb
K«ORUhLQ
]
Y
ab
%JLKNQPO D
ORe
b
SQPO TTNKkO 
b
KRTRQ\mQ
]j]
QkOJ QKN%QﬀT TNQSUTIhLSLQ
Ł
KNY[SfVWQORejuJ
]
e 
a
YrTRe
b
S VLQ
] ^
ejY
Ł
QQSSLQ
KNQﬀTRQPSfYrSUT%VWQ
] ^
ejY
Ł
QUhLQ
]
QPOTRK«YreTNO
Ł
M
b
%MﬀTNKReqUhLQPOﬃORY[e
]j]
Y[SUTNO Y
]b
KNOﬃUhLQ
]
QPOﬃfYrhLTRQPO
 KNMPUhLQS
a
QPOmY[hﬀLUhLQ
]j]
QkO
]_^ &
e
]
Uhf%Y[eSQPO T
b
ejSfOmORQSfORe
f]
QO
b
SUTmSLM
Ł\]
e
Ł
MPQPOP
#
QkOp%MﬀTN
b
VWQPO
b
KRejQSUTNMQPO
b[
QTºJLKRMkO QPSUTRQSUT"Y[hfOROReLhLS%ejSUTRMKﬀTVWhJ
b
eSUT"VWQXUhfQVWQPO
YrJfJ
]
e
a
YrTRe
b
SfO
]
YK
b[ b
TNejUhLQ\
#
YVWM
aﬀb
%J
b
ORe TNe
b
SVWQ
]_^
eY
Ł
QQPS
b[
QﬀTNO¿QPO T¡hLSJ
b
ejS\T
VWQVWMPJfYrKRTJ
b
hLKORY
aﬀb
%JLKRMPLQSiO e
b
S
a
QUhLe
b
hLXwKNQ
]
QPO%J
b
KRTRQkO

VLQPOYrJfJ
]
e
a
YrTRe
b
SfO
V
^
YrhWT
b
YZTNejOR%Q[
`º]j]
Q
b!
KNQY[hfONO e¡hLS
Ł
K«YrSiV J
b
TRQPSUTRejQ
]
J
b
hLKVWMPX[Q
]b
JLJiQPK
]
QkO%S
b
hﬀD
X[Q
]]
QPO 
b
S
a
TRe
b
SLSfY
]
eTRMkOºVWQln
`
¶
D ﬀ rTNQ
]j]
QkO"UhLQ
]
YYrSLejJLh
]
YZTNe
b
SV
^ b\
QﬀT«O%
]
Q
aﬀb
VLY
Ł
Q
ORM
]
Q
a
TNe 6
ab
VLQKY¬X[Q
a
J
]
hfOVWQuJLKRM
a
eqO e
b
S
]
QuJLKNQ%ejQKIJ
]
YrS JfY[KdK«YrJfJ
b
K TYrh 
b
SfV 9
]
Q
ORhLeXwe V
^ b[
QTNOojj
#
YuOTNKRh
a
TRhfKRQIV
^
hLSORWOT%QoVLQ
ab
VLY
Ł
Q
b
KNejQSUTRM
b[
QTQkOTmhLS
ib
S
HORhLJLJ
b
KRT¡J
b
hfKVWMX\Q
]jb
JLJ QKmVWQkOYrJfJ
]
e
a
YrTRe
b
SfO 
aﬀb
S\TNQSUT

Y[ORQPV

 
(
4 9	 /5&)(  % +-&). 9*4)&)(  
 & 9
#
QkOouMTR
b
VWQkO
b
KNeQPSUTRMQkO
b[
QTIVWM
a
KNeX\QSUTIhLSLQ%eY
Ł
QuQS TRQKN%QPOIV
^ b[
QTNOoJLKNMPORQSUTNO
VLY[SfOIhLSLQO
a
SfQuQT
aﬀb
VWQSUT
]
YJ
b
OReTRe
b
S
]
Y 
b
KN%Q 6
]
QkO
aﬀb
S\T
b
hLK«O+9mQﬀT
]
Q
aﬀb
S\TNQSwh(6
]
Y
TRQ%wTRhLKNQ,9uVWQ
a
fY
a
hLS VWQPO
b[
QﬀTNO%VWMTRQ
a
TRMkO
#º^ b[
Q
a
TNedS
^
QkOTJfY\O%VWQKRQkOTNe TNhLQK%hLSLQ
ej%Y
Ł
QuejVLQSUTReqUhLQ
] ^ b
KRe
Ł
ejSfY
]
?YreqOoV
^
Q%UTNKNY[eKNQ
] ^
eSﬀ
b
KRYrTRe
b
SJ QKRTRejSLQSUTNQ%VLM
a
KNejX¬Y[SUT
]
YuO
a
PSLQ[
#
QPO¡JLK
b
JfKRejMﬀTNMPO
Ł
M
b
%MﬀTNKReqUhLQPO¡VWQkO
b[
QTNOmO
b
SUTmJLKRMkO QPKRX\MQkO%
a
QUhLe M
]
ej%eSLQ
]
QPOQ
!
QﬀT«OmVWQ
L]bWa
V
^
hLSLQYrJLJfK
bWa
LQ
aﬀ]
Y[ONO eqUhLQ[
·
SORwO TP%QoVWQ
ab
VfY
Ł
Q
b
KNeQPSUTRM
b[
QT
b
J KNQIQS
H
MﬀT«YrJ QPOP


#
YJLKNQ%e PKRQpMTNY[JiQpQkOT
]
YmORQ
Ł
%QPS\T«YZTNe
b
S
a
fY[K
Ł
MQ V
^
ejVWQPSUTRe fQK
]
QPO
b[
QTNO JfKRMkO QPS\T«O
VLYrSfO
]
YO
a
SLQ\
·
S
b\
QﬀTdQPO ToVWM%fSLe
aﬀb
%%QhLS QSfORQ
L]
QﬃVWQJLe WQ
]
Oﬂ6|hLSLQKNMD
Ł
e
b
S19X[MKNe iYrSUTdhfSLQ
ab
SfVLe TNe
b
S V
^

b

b\Ł
MSfMeTRM%¾dS
]
hfeºY[ONO e
Ł
SLQhLSLQ%MﬀTNejUhLQT TRQ
6
b
h
]
Y

Q
]
9%\hfeO QPK T
 ] ^
eqVWQSUTNefQPKP
#
Y J
]
hLJfYrKRTVWQPOYrJLJ
]
e
a
YZTNe
b
SfOV
^
YrSfY
]
WORQ
V
^
ejY
Ł
QuORQ'
bwa
Y
]
ejORQSUTORhLKhLS
a
fYr%J/V
^
YrJLJ
]
e
a
YZTNe
b
S JfY[K TNe
a
h
]
eQPK
a
Q\hfeºJiQPK D
uQT¿V
^
Y[VLY[JWTRQPK
]
QkO"Y
]Ł\b
KNe TNL%QPO
a
fY\\hfQ
a
Y[OºJfYrKRTRe
a
h
]
ejQKk3npYrKºQ%WQ%J
]
QwVLYrSfO
hLSLQYrJLJ
]
e
a
YZTNe
b
S %MPVLe
a
Y
]
Q
b
S J QhWTY¬X
b
ejK
 a
LQK
a
LQPKuVWQkOuJfYrKRTRe
a
h
]
QPO
ab
KNKRQ%D
O J
b
SfVfYrSUT

VWQkO
a
Q
]j]
h
]
QkO%
b
h

VWQkOoTRhL%QPhLKNO3Y¬X\Q
a
VLQPO
a
KNeTKNQPOoVWQuTNY[e
]j]
Q3VWQ

b
KNuQiVWQTRQ%UTNhLKNQ
b
hVWQ
aﬀb
h
]
QPhLKk
#
QPO
a
YrK«Y
a
TRMPKReqOTNejUhLQkOVWQkO
b[
QﬀTNO
a
LQK
a
LMkO
O
b
S\TVWM%fSLejQPOVfYrSfO
]
QPOORJ M
a
e 
a
YZTRe
b
SiOVWQ
]_^
YrJfJ
]
e
a
YrTRe
b
S 
#
Q
aﬀb
VLY
Ł
QVWQXZY[S\T
O
^
YrJLJ
]
eqUhLQK

hLSLQ
Ł
KNY[SfVWQXZYrKNejMﬀTRMV
^
ejY
Ł
QkO%
]
Q
a
KNe TKNQVWQﬃORM
]
Q
a
TRe
b
SV
^ b[
QﬀTNO
SLQuV
b
eTIJiY[OohWTRe
]
ejORQKVWQkOoeSﬀ
b
KRYrTRe
b
SfOIORhLK
]_^
eY
Ł
Q%YJLKNe
b
KNe_
#"^
ejSUTRK
b
VWh
a
TNe
b
S
VWQ
]
YORQ
Ł
%QPS\T«YZTNe
b
S VLYrSiOIhLSLQYrJLJ
]
e
a
YrTRe
b
S/VWQ
aﬀb
VLY
Ł
QﬃS
b
hfO
b[f]
e
Ł
Q

VWMfSfeK
VWQPO
a
KNe TKNQPOV
^

b

b[Ł
MSLMPe TNM
Ł
MPSLMK«Yrhﬀ)mXZY
]
Y
f]
QkOJ
b
hLKhLSLQ eY
Ł
Q V
^
QSUTNKRMPQ
YrK

e TNKNY[eKNQ[
L
·
SLQ 
b
eqOUhLQ
]
QkO
b\
QﬀT«O
b
S\TMﬀTNM VWMTRQ
a
TRMkOVLY[SfO
]_^
MﬀT«YrJ Q VWQ O Q
Ł
%QSUTNYrTRe
b
S
]
QPhLKNOoJ
b
ORe TNe
b
S QT 
b
KNuQV
b
eX\QSUT ﬀTRKNQ
aﬀb
VWMPQPOP
#
Q
ab
VLY
Ł
QuVWQ
ab
SUT
b
hLKNO
ab
VLQ
]_^
eS=
b
KN%YrTRe
b
SKRQ
]
YrTRejX[Q
u]
YuJfY[K TNe TNe
b
SVWQ
] ^
QPORJfY
a
Q[
H


ejSfY
]
QPuQPSUT
]
Q
aﬀb
VLY
Ł
QIVWQITRQ%wTRhLKNQ
aﬀb
VWQ
]
Q
ab
SUTRQPSwhVWQkO
b[
QﬀTNOP
  -ﬀ. /5&>ﬂ & 9 9*&9)(,&
#
QJLK
b
J
b
OﬃVWQ
a
QﬀTRTRQTR=kO QQPO T
]
QVLMX[Q
]b
JLJ Q%QSUTuV
^
hLS Y
]jŁ[b
KReTRfuQVWQORQ
Ł
%QSUTNY"D
TRe
b
SVWQORMPUhLQPS
a
QkOmV
^
ejY
Ł
QPOmONY
a
fY[S\TmUhLQ
]_^ b[
Q
a
TNe$fSfY
]
QPO TVWQ
] ^
ejSUTRM
Ł
KRQPKmVLYrSfO¡hfS
ORwO TP%QIVLQ
aﬀb
VLY
Ł
Q
b
KRejQSUTNM
b\
QﬀTk
c
b
hfO%Y¬X
b
SfO
ab
%%QS
a
MS
b
TRKNQTRK«Y¬X¬Y[e
]
QS S
b
hfO 
b
SfVLY[SUTORhLK
]
QJfY[KNY\VWe
Ł
%QVWQ
ORQ
Ł
%QPS\T«YZTNe
b
SVWQ
]
Y
b
KNJL
b\]b\Ł
ejQmYZTRfMYZTNejUhLQ\
]
Y
]
e
Ł
SLQdVLQJfY[K T«Y
Ł
QdVWQPO¿QPY[hﬀ%VLh
Ł
K«Y[VLeQPS\T

JfYrKRTRejKdVLQPOY[KNUhLQPhLKNOdVWQPOKRM
Ł
e
b
SfOdUhLQ
] ^ b
SX[QPhWTQwTNKNY[eKNQ[8ﬁ¿QﬃO
a
LMPY
YV
b
SLSLM
]
ejQh

VWQS
b


KNQhfORQPOYrJLJ
]
e
a
YZTNe
b
SfOY[ejOpVLYrSfO
]
QV
b
Y[eSLQVWh
aﬀb
VLY
Ł
Q
a
Q
]
YﬃSLQ

VWQPO¡VWe
a
h
]
TRMkO¿KNMQ
]]
QPOP
#
YﬃO
b
hLK
a
QdVWQ
a
QPOVWe
a
h
]
TNMPO¡QkOT
]
YﬃJLKNMPORQS
a
QdVWQ
VWMTNYre
]
O fSiO%
b
h
a
Q%\hfe KNQXwejQSUToY[h %Q
]
YJfKRMkO QPS
a
QuVWQ
b
hfX[Q%QPS\ToKNY[JLeqVWQﬃUhLe
Ł
MPS=KNQVWQkO
b[
QTNO iSfO"VLY[SfO
] ^
Y"WQmTRQPuJ
b
KNQ
]

`
SQ
!
QﬀT,UVLY[SfO
]
QV
b
%Y[eSfQVWh
aﬀb
VLY
Ł
Q
]
QPO
ab
SfVWeTRe
b
SiOV
^
M
a
fY[S\TNe
]j]jb
SLSfY
Ł
QI
b
KNJL
b\]b\Ł
eq\hfQdSLQO
b
SUTJfY\OmX[MPKRe fMPQPOP
#º^
YrSfY
]
WORQ
VWQkOºVWe
a
h
]
TRMPOºKRQPS
aﬀb
S\TNKRMPQPOS
b
hfOpY
aﬀb
SiVWhLeT

hfS%Y[hWTRKNQmJfY[KNY\VWe
Ł
%QVWQORQ
Ł
%QSUTNYrTRe
b
S
JfY[K hfO e
b
SVWQKNM
Ł
e
b
SfO
ﬀc
b
hfOY¬X
b
SfOYrejSfO eVLMX[Q
]b
JLJ M hLS'Y
]Ł\b
KNe TNL%Q VWQ  hfORe
b
S0VWQ/KRM
Ł
e
b
SfOPD¯>%J
]
MD
%QSUTRMO hfKhLSLQOTNKRh
a
TRhfKRQVLQ
Ł
K«YrJfLQV
b
SUT
]
QkOS
&
hfVfOQT
]
QPOY[KTRQkOO
b
SUTMXZY
]
hLMkO%
] ^
Y
]Ł\b
KNe TNL%Q"QPO T
]
Y 
b
ejO Q	
a
Y
a
Q¿QﬀTpO h ONYr%%QSUT fQWe
L]
QJ
b
hLKJLKNQSfVWKNQ"QPS
ab
%JWTRQ
hLSLQ
]
Y[K
Ł
QXZYrKNeMTRMﬃVLQ
a
KNeTKNQPOPc
b
TNY[u%QPS\T, VfYrSfO
]
Q

hWTIVWQKNQSfVLKRQ
]
QﬃORWOT%QVWQ
aﬀb
VLY
Ł
Q
Ł[]jb[
Y
]
QPuQPSUT
aﬀb
LMKNQSUT"S
b
hfOuY¬X
b
SfOJfKReqOQPS
ab
%JWTRQVLY[SfO
]
QkO
a
KReTPKRQkOVWQ
 hfORe
b
S
]
QPO
a
Y[JfY
a
e TNMPOVLQPOIY
]jŁ[b
KReTRL%QkOVWQ
aﬀb
VLY
Ł
QUhLepO
b
SUToYrJfJ
]
eqUhLMPOoYrJfKkO
]
YORQ
Ł
D
%QSUTNYrTRe
b
S 

eSiY
]
Q%QSUTS
b
hfOY¬X
b
SfOIe
]]
hfO TRKNM
]
QJ
b
TRQPS\TNeQ
]
UhLQ
]
YORQ
Ł
uQPSUTNYZTNe
b
S
b"!
KRQ

hfS
ORwO TP%QdVWQ
aﬀb
VLY
Ł
Q[
#
YﬃO Q
Ł
%QSUTNYrTRe
b
SejSUTRK
b
VLhLe T
]
YS
b
TNe
b
SV
^ b[
QT¡VfYrSfO
]
Q
aﬀb
VWQPhLKP
ejSfORe
]
Q%VLMX[Q
]b
JLJ Q%QSUTVWQ
b
S
a
TRe
b
SfSfY
]
e TNMPO TRQ
]]
QPO\hfQ
]
QORhLeXweºV
^ b[
QﬀTNO3VWQPXweQPS\T
hLSLQoQwTNQSfORe
b
SSfYZTNhLKNQ
]j]
QoVWQPOY
]jŁ[b
KReTRL%QkO"VWQ
aﬀb
VLY
Ł
Q[ ﬁ¿QPO4
b
S
a
TRe
b
SLSiY
]
e TNMPO¿KRQPS\TNKRQPSUT
VLY[SfO
]
Q
a
Y\VWKNQºVWQPO3S
b
hLX\QPY[hﬀ
b\
Q
a
TRe |O)=WMPO3JfYrK
]
YmS
b
KNuQºVLQ
aﬀb
VLY
Ł
QpXweqVWM
b
ln
` ¶
ﬀf
  	
  

	      	    	
 $ 	 
0   	
oYrSfO
]
Q
a
Y\VWKNQIV
^
hLSORWOT%QVWQ
aﬀb
VLY
Ł
Q
b
KNejQSUTRM
b[
QﬀT
]
Y%l
b
KRJL
b[]jb[Ł
ejQIlYZTNLMY<D
TReqUhLQdY[JLJfY[KNY<;jTºTNKkO"YrT TRK«Y
a
TRejX[Q
a
YrK
a[^
QkOThLSLQoYrJLJLK
bWa
LQ
Ł
M
b
%MTRKNejUhLQVWhTRK«YreTRQPuQPSUT
VWh/O e
Ł
SiY
]
 QﬀTQS TNY[S\TUhLQuTRQ
]]
Q3Q
]j]
Q%J QKNuQTVWQ%%Y[SLejJLh
]
QKYreqORM%QSUTVWQPO
a
KReTPKRQkO
VWQ 
b
KR%QVWQTNYre
]j]
Q VLQ
aﬀb
SLSLQWeTRMj
#
QPOJfKRQPuejQK«O
aﬀb
S
a
QPJWTNOﬃVWQ
]
Yl
b
KNJL
b\]b\Ł
ejQ
lYrTRLMP%YrTReqUhLQ  hLKRQPSUT MPS
b
S
a
MPOQPS
k6L
JfYrKºlejS
*\b
@O
*
e  gwhLK
a
QﬀT TNQ

Y[ORQrlYrTRLQPK
b
S
QﬀTﬃgWQKNKNY  QS MﬀT«Y
L]
eKNQSUT
]
QPO8
b
SfVWQ%QPS\T«OVLY[SfO
]
QkOYrSfSLMQkOO
b
eLYrSUTNQ[QPJLhLeqO%
a
QT TRQ
TRfM
b
KNejQO
^
QkOT
]
YrK
Ł
QPuQPSUTVWMPX[Q
]jb
JfJiMPQ¿QTpYoMTRM¡VWe
!
hfORMQmVLY[SfO
]
Y
aﬀb
%hLSfY[hWTRMejS\TNQKNSfY<D
TRe
b
SiY
]
Q[
#
YJLK
b[]
e  MK«YZTRe
b
SVWQ
aﬀb
Sﬀ MKNQS
a
QPO\V
^
YrKRTRe
aﬀ]
QPOºQﬀTV
^
Y[JLJ
]
e
a
YZTRe
b
SiOºejSfVWhfO TRKNeQ
]]
QPO
QS/TNM
b
e
Ł
SfQSUTP
#
YJLhLeqONORY[S
a
QVWQORQPO
b
hWTNe
]
O
] ^ b
SUT|YreTQSUTRKNQKﬃVLYrSfOVWQS
b


KNQhﬀ
a
fY[uJiOV
^
YrJLJ
]
e
a
YZTNe
b
SfOPpeY
Ł
QKNeQI%MPVLe
a
Y
]
QfO
a
ejQS
a
QPOVLQPOmYZTNMKNejY[hﬀ)WXwejORe
b
SK
b\ib
D
TReqUhLQ[TRM
]
MkVWMﬀTNQ
a
TNe
b
S\Y[SfY
]
WO QT
b
J
b[Ł
K«YrJfLejUhLQZKRQ
aﬀb
SLSfYreqONORY[S
a
Q¡VWQ
a
Y[KNY
a
TKNQPO¿j
#
QPO
]
Q
a
TNQhLK«O¡ejS\TNMKNQPONO MkO¡JfYrKmhfSLQ
aﬀb
SfSfYreqORONYrS
a
QIYrJLJLK
b

b
SfVWejQVWQ
]
Y%l
b
KRJf
b[]jb[Ł
eQIlYZTNLMD
YZTNejUhLQJ QhLX\QSUTORQKRM% MKNQKYrh=
b
hfXUK«Y
Ł
QPO ﬀ

%ﬀ#3´¿oYrSfO
a
Q
a
fY[JLe TNKRQIS
b
hfOY
]]jb
SfO
ORQh
]
Q%QSUTVWM
a
KNeKNQ
]
QkOY[ORJ Q
a
T«OIJLK«YZTReqUhLQPOVLQ
a
QﬀTRTRQTNLM
b
KRejQ[¯
]
OS
b
hfOJ QKN%QﬀT TNK
b
SUT
VWQ%ejQhﬀ
ab
%JLKNQSfVLKRQ
]
QIVLMX[Q
]b
JLJ Q%QSUTVWQkO
a
fYrJLeTRKNQPO¡UhLe3ORhLejX[QPS\Tk
#
Yl
b
KRJL
b[]jb[Ł
ejQlYrTRLMPYZTReqUhLQ%QPO ThLSLQ

K«YrS
a
LQﬃS
b
S
]
eSLMkYrejKRQ%VWh TRK«YreTRQPuQPSUT
VWhORe
Ł
SfY
]
UhLewYrJLJ
]
eq\hfQ
]
YmTRfM
b
KNejQ"VWQPO QSiO QP
L]
QPO
] ^
Y[SfY
]
WO QºV
^
ej%Y
Ł
Q\
#
QkO
b\
QﬀT«O3VWQ
] ^
hLSfeX\QK«OO
b
SUT
Ł
MPSLMK«Y
]
Q%QSUTTRKNejVLe%QSiO e
b
SLSfQ
]
O%wYreqO¡e
]
O¡O
b
SUT¡J QK«½ﬀhiO

TNKNY¬X\QK«OºhLSLQ
JLK
b
Q
a
TRe
b
S

ejVWej%QSfORe
b
SLSLQ
]]
Q%O hLK
]
YKNMﬀTRejSLQ\ﬁ¿QT TRQuJLK
b
Q
a
TRe
b
SS
^
QkOTIJfY[O
]
YO
b
%%Q
VWQkO
]
hL%eSfY[S
a
QkOVWQT
b
hiO
]
QPOJ
b
ejSUTNO
]
Q
]jb
S
Ł
V
^
hfSLQ
]
e
Ł
SLQVWQﬃXUeqORe
b
S
a
Qﬃ\hfe QK«YreTdVWQ
]
YXwejORe
b
S/hLSJLK
bwa
QPONO hiO
]
ejSLMPY[eKNQ[
]
YJ
]
hLJiYrKRTﬃVWQPO
b[
QTNOO
b
SUT
b
JfY[UhLQkOQﬀT
a
Y
a
LQPSUT
YrejSfORe
a
QhﬀUhLe O
b
SUToVWQPKRKNe PKRQ\8ﬁ¿QﬀTRTRQuJLK
b
JLKNeMTRMmhiOTNefQuhLSLQuYrJLJfK
bWa
LQS
b
S
]
eSfMPYrejKNQ
VWQ
] ^
Y[SfY
]
WO Q%V
^
eY
Ł
Q[
#
Yl
b
KNJL
b\]b\Ł
ejQﬃlYrTRLMPYZTReqUhLQ TRLM
b
KNeQ%ejS\TNKRejSfOPUhLQPuQPSUT
Ł
M
b
%MﬀTNKReqUhLQ?ejSUTRK
b
VLhLe TIS
b
TNYr%%QSUT
]
YS
b
TRe
b
S V
^
M
]
M%QPS\TO TRKNh
a
TNhLK«YrSUTP
#º^
M
]
M%QPS\T
O TRKNh
a
TNhLKNY[SUT QPO T hLS
b[
QT3VWQ 
b
KR%Q
aﬀb
SLSwhLQ¬UhLerQkOT
a

b
eqO eZQPS 
b
S
a
TRe
b
SVWQPO3JLK
b
JLKNeMTRMkO
Ł
M
b
%MﬀTNKReqUhLQPOdUh
^ b
SX[QPhWTdQ%wTRK«YrejKRQVLQ
] ^
ejY
Ł
Q[
#"^
ejY
Ł
Q

Y[SfY
]
WO QPKQPO T
aﬀb
%JfY[KRMPQ
]_^
M
]
M%QPS\TO TRKNh
a
TNhLK«YrSUTP
#
Yl
b
KNJL
b\]b\Ł
ejQﬃlYrTRLMP%YrTReqUhLQ%MﬀTNY
L]
e ThLS 
b
KNY
]
ejOR%Q
YZTNLMYZTNejUhLQ%J
b
hLKVWM
a
KNeKNQ%\hiYrSUTReTNYrTRejX[Q%QPS\T
]
QPOIJLK
b
JLKNejMﬀTRMkO
Ł
M
b
%MﬀTRKNeq\hfQPOoV
^
hfS
b[
QﬀTP

 	
 
	ﬀﬁﬂﬃﬀ	! "$#ﬀ
ﬀ &%ﬀ'ﬃ" 
  
,
%'ﬀ".5("(  % !0ﬀ 9*+-.	(
(
 %'# 5  1+ ;	&)( 4 -4 !0&). 9*ﬀ+:% &)(
) ixPt+* Á
hiYrSfV S
b
hfO%JfYrK
]jb
SfOV
^
QSiO QP
L]
QPOS
b
hfO'|Y[ejO
b
SfO%KNM MPKRQPS
a
Q

VWQkO%eY
Ł
QPO

ejSfYrejKNQPOP
#
QPOdej%Y
Ł
QkO

TRQPeSUTRQkOIVWQ
Ł
KNejOoO
b
SUToVWM
a
KNe TNQPO
aﬀb
u%QuMﬀT«YrSUTIVLQPO/
b
S
a
TRe
b
SfO
VWQ IR2 → IR 
,ﬀ-/.0-/. 132547698:<;!8=
g
b
e T X hLSﬃO
b
hiOED´QSfORQ
L]
QºVWQ IR2 6|hLSLQeY
Ł
Q

ejSfY[eKNQ,9 QﬀT B hLSﬃM
]
M%QSUTO TRKNh
a
TRhLK«YrSUTP
·
S M
]
M%QSUTOTNKRh
a
TRhfKNY[S\TdQPO TohLS O
b
hfO D QPSfO QP
L]
QVWQ IR2 
#
QﬃTRK«YrSfO
]
YrTRMVLQ B JfYrK ~p 
S
b
TRM Bp
LQkOTVWM%fSLe JiYrKk
Bp = {p + q / q ∈ B}
#º^
MK
b
ORe
b
S VWQ
] ^
QPSfO QP
L]
Q X JfY[K
]_^
M
]
M%QSUTO TRKNh
a
TNhLKNY[SUT B QPO TVWMfSfeQ
aﬀb
%uQ
] ^
QPSfO QP
L]
QVWQPOJ
b
eSUTNO p TNQ
]
OmUhLQ Bp
6¼TRK«YrSiO
]
YZTNMIVLQ B JiYrK ~p 9QkOT
aﬀb
SUTRQSwhVLYrSiO X 
B(X) = {p ∈ IR
2, Bp ⊆ X} =
⋂
b∈B
X−b
#
QkO¡Q
!
QﬀT«O
Ł
M
b
%MﬀTNKReqUhLQPO¡VWQ
] ^
MPK
b
O e
b
SO
b
S\Tk
•
aﬀb
hfJLhLKNQoVWQkO
b[
QﬀTNOmY[hﬀMTRK«YrS
Ł\]
QPuQPSUTNOP
• KRMTRKNM
a
eqONO QPuQPSUT¡VWQkO
b[
QTNOmVWQIT«Yre
]]
QORhLJiMPKRejQhfKRQ
u]
YuT«Yre
]]
QVWQ B 
• VWejORJfY[KReTRe
b
SV
^ b\
QﬀT«OVWQoTNY[e
]j]
QeSﬀ MPKRejQhfKRQ

B 
#º^
QwTNQSfORe
b
SVWQ
a
QﬀTRTRQdVLMfSLeTRe
b
S
] ^
QkO JfY
a
QVLQPO4
b
S
a
TRe
b
SfO86 IR2 → IR 9"QPO T
b\
TRQPSwh
QSKNQ%J
]
Y[½PYrSUT
] ^ b
J MK«YZTRQPhLK ∩ JiYrK
] ^ b
JiMPKNYrTRQhfK inf 
∀p ∈ IR2 B(f)(p) = {inf(f(x)), x ∈ Bp}
,ﬀ-/.0->, 1@?BAC;/D!?	EF?	E9;!8=
`º]j]
Q QPO TVLMfSLejQ
ab
%%Q
] ^
QPSfORQ
f]
Q VWQPOJ
b
eSUT«O p TRQ
]
O\hfQ
] ^
ejSUTRQK«ORQ
a
TNe
b
S VWQ Bp
6¼TNKNY[SfO
]
YrTRMVWQ
]_^
M
]
M%QPS\TO TRKNh
a
TRhLK«YrSUT B JfYrK ~p 9¡Y¬X\Q
a
X SfQO
b
e TmJfY\O¡SUh
]]
Q[
δB(X) = {p ∈ IR
2, Bp ∩X 6= ∅} =
⋃
b∈B
X−b =
⋃
x∈X
Bˇx
#
YuVWe
]
YrTNYrTRe
b
SQkOT
]
YTNKNY[SfOE
b
KRYrTRe
b
SVWhiY
]
QIVLQ
] ^
MPK
b
O e
b
S3de
]
YZTNQK X QkOTmMk\hfeXZY<D
]
QSUT

MK
b
VLQKmO
b
S
ab
%J
]
M%QSUT«YrejKRQ Xc 
δB(X) = (B(X
c))c
#º^
QwTNQSfORe
b
SVLQ
a
QﬀTRTRQVWM%fSLeTRe
b
S
u]_^
QPORJfY
a
QVWQPO 
b
S
a
TNe
b
SfO IR2 → IR QPO T
b[
TRQSwhLQ
QSKNQ%J
]
Y[½PYrSUT
] ^ b
J MK«YZTRQPhLK ∪ JiYrK
] ^ b
JiMPKNYrTRQhfK sup 
∀p ∈ IR2 δB(f)(p) = {sup(f(x)), x ∈ Bˇp}
#º^
MK
b
ORe
b
S/QﬀT
]
YVLe
]
YZT«YZTRe
b
S O
b
SUT
]
QPO

KNejUhLQkOVWQ

Y[ORQJ
b
hLK
]
Y
aﬀb
SiOTNKRh
a
TRe
b
S VWQ
S
b


KNQhfORQPO TNKNY[SfO 
b
KN%YrTRe
b
SfO 
b
KNJL
b\]b\Ł
eqUhLQPOP c
b
hfO Y
]j]jb
SfO?JLKNMPORQSUTNQK VLY[SfO
]
YmO hLeTRQ
a
Q
]]
QPOmV
b
SUTS
b
hiOmYrhLK
b
SfO

QPO
b
ejST
b
hWTY[h
]jb
S
Ł
VLQPOmJLK
bWa
fYrejSfO
a
fY[JLe TNKRQkO
 	
 
	ﬀﬁﬂﬃﬀ	! "$#ﬀ
ﬀ &%ﬀ'ﬃ"
3
,ﬀ-/.0-  1 69?; =E
	 868D!8;
#
YO Q
Ł
%QSUTNYrTRe
b
SV
^
eY
Ł
QPOºSLM
a
QPONO eTRQ
]
YUhfY[S\TNe
a
YZTNe
b
SVWQPO"XZYrKNejYrTRe
b
SfOpVWQ
aﬀb
S\TNKNY\OTNQ
QS
a
fY[UhLQJ
b
eSUTmVWQ
] ^
eY
Ł
QJ
b
hLK%QﬀTRTRKNQdQPSMXweqVWQS
a
Q
]
QPO
aﬀb
SUT
b
hfKNO¿VWQPO
b[
QﬀTNO
b
h
a
QUhLe"KRQPXUejQSUTYrh/%Q KNQJ MKNQK
]
QPO
?Pb
SLQkO
b

b\Ł
SfQPOIVWQ
] ^
ejY
Ł
Q\
#
Q
Ł
KNY\VWejQSUT

b
KNJL
b\]b\Ł
eq\hfQWVWMiSLe JfY[K
­
QPh
a
LQK
ab
%%Q
]
QVWe
]
YZTRMI
b
ejSfO
] ^
MK
b
VLM[
Γ(f) = δB(f)− B(f)
S
b
hfO/
b
hLKNSLeTohLSfQﬃ%QPORhLKNQﬃVWh 
b
VWh
]
QuVWh
Ł
K«Y[VLeQPS\ToVWQ
]
Y5
b
S
a
TRe
b
S(6_O hfJLJ
b
O MPQ
ab
SﬀD
TRejS
?
%QSUTVWe
!
MPKRQPS
a
eqY
f]
Q:9 
a]
Y\ORORejUhLQP%QSUT¡VLMfSLe
aﬀb
%%Q[
∣∣∣ ~grad(f)∣∣∣ =
[(
∂f
∂x
)2
+
(
∂f
∂y
)2]1/2
#
Q
Ł
K«Y[VWejQSUT
b
KNJL
b\]b\Ł
eq\hfQﬃY[ONORe
Ł
SLQ
a
iY[UhLQuJ
b
eSUT
]
YJ
]
hfO
Ł
K«YrSfVWQVWe
!
MKNQS
a
Q
QSUTNKRQ
]
QPO
]
hL%eSfY[S
a
QkOVWQVWQPhﬀJ
b
ejSUTNOmVWQO
b
SX
b
ejOReSiY
Ł
Q\
,ﬀ-/.0- 132ﬁﬀﬂ 6FE 6
ﬁ
b
SiO eqVWMK
b
SiO
] ^
MPK
b
VWMoVWQ
]_^
QSiO QP
L]
Q X JfYrK
] ^
M
]
MPuQPSUTmO TRKNh
a
TRhLK«YrSUT B 
`
S
Ł
MSLMPKNY
]
e
]
S
^
QPO TJfY[OIJ
b
ONO e
L]
QVWQ%KRM
a
hLJ MKNQK
] ^
QPSfO QP
L]
Q%eSfe TNejY
]

b
\QSLSiYrSUTohfSLQVWe
]
YrTNYZTNe
b
S VWQ
] ^
QPSfO QP
L]
QMPK
b
VWM\
#"^
MPK
b
O e
b
S QPO ThLSLQYrJLJ
]
e
a
YZTNe
b
S/S
b
SejSZQ
a
TRejX[Q
a[^
QkOTD

D´VWejKNQ%UhLQ
J
]
hfOReQPhLKNOIQPSfORQ
f]
QkO 6 X, Y, ... 9oJ QhfX[QSUTY¬X
b
ejK
]
Q%QMK
b
VWM 6 X 	 B 9ﬀ
#
Q%J
]
hfO
J QﬀTReTQSfORQ
L]
QTNQ
]
UhLQuO
b
S MK
b
VWMQkOT X 	 B QPO TIY[JLJ Q
]
M
] ^ b
hLX[QPK TIVWQ X  QﬀTIe
]
QkOT
b[
TRQSwh QSVWe
]
YrTNY[S\TO
b
S MK
b
VWM[
#
Y
ab


eSfY[ejO
b
S MK
b
ORe
b
S ORhLejXUejQVWQVWe
]
YrTNYZTNe
b
S QkOT
hLSLQ 
b
hfX[QKRTRhfKRQ
«
X ◦B = γB(X) = δBˇ(B(X))
b J
Bˇ QPO T
]_^
QSiO QP
L]
QITRK«YrSfORJ
b
ORMoVWQ B  Bˇ = {−x / x ∈ B} 
#º^
QSiO QP
L]
Q
b
hLX\QKRTQkOThLSfQO ej%J
]
e 
a
YZTRe
b
SVWQ
] ^
QPSfO QP
L]
QejSLe TNejY
]

#º^ b
hfX[QKRTRhfKRQ
b
KNJL
b\]b\Ł
eqUhLQQPO ThLSfQ
b
hfX[QKRTRhfKRQY
]Ł
M

KNejUhLQ JfYrKRTRe
a
h
]
eﬃKNQ[
#
Q
TRQPKR%QV
^ b
hLX[QPK TNhLKRQO
^
Y[JLJ
]
ejUhLQ

V
^
YrhWTNKRQkOITRK«YrSfO 
b
KNYZTNe
b
SfOUh
^
hfSLQMK
b
ORe
b
SO hfeXwejQ
V
^
hLSLQVLe
]
YZT«YZTRe
b
S3¯
]
QS
Ł\]b\
Q¡T
b
hWTNQPO
]
QkOpTRK«YrSiOE
b
KRYZTNe
b
SuUhLe X[MPKRe fQPS\T
]
QPO"JLK
b
JLKNeMTRMkO
Y
]jŁ
M

KNejUhLQkOORhLejXZYrSUTRQkO
• TRK«YrSfO 
b
KNYZTRe
b
S
a
K
b
eqORONYrSUTRQ\ Q
]]
QJLKNMPORQKNX[Q
]_^
eS
aﬀ]
hfO e
b
SV
^
QSiO QP
L]
QPOP
X ⊆ Y ⇒ (X ◦B) ⊆ (Y ◦B)
• TRK«YrSfO 
b
KNYZTRe
b
S YrSUTRe D´QwTRQPSfO ejX[Q\
]
QKRMkO h
]
TNYrTQPO TeS
aﬀ]
hfOVLY[SfO
] ^
QPSfORQ
f]
QVWQ
VWMJfY[K Tk
X ◦B ⊆ X
• TRK«YrSfO 
b
KNYZTRe
b
SejVWQP%J
b
TRQSUTNQ[
(X ◦B) ◦B = X ◦B
 	
 
	ﬀﬁﬂﬃﬀ	! "$#ﬀ
ﬀ &%ﬀ'ﬃ"
4
,ﬀ-/.0-  1@?6  E 6
`
SejSwX[QK«ONYrSUT
]_^ b
K«VWKNQ VLQPO
b
JiMPKNYrTRe
b
SfO?hWTNe
]
eqO MPQPO J
b
hLK VWMfSfeK
] ^ b
hLX\QKRTRhLKNQPS
b
hfO
b[
TNQS
b
SfO
hLSLQS
b
hLX\Q
]j]
Q
b
J MK«YZTNe
b
S 
]
Y' QPKR%QﬀTNhLKNQ[
X •B = φB(X) = Bˇ(δB(X))
#
Y  QKNuQTRhLKNQQkOT
]_^ b
J MK«YZTNe
b
S VWhfY
]
QVWQ
]_^ b
hfX[QKRTRhfKRQ\
#º^
Q
!
QﬀTV
^
hfSLQ5 QPKR%QﬀTNhLKNQ
QPO TV
b
S
ao]
QI%QUhLQ
a
Q
]
hfe VWQ
]_^ b
hfX[QKRTRhfKRQUY[ejOmY[JLJ
]
ejUhLMY[h
ab
%J
]
M%QSUTNY[eKNQ[
(Xc •B)c = X ◦B
#
QkO¡JLK
b
JLKNeMTRMkOY
]Ł
M

KNeq\hfQPO¡VWQ
]
Y' QPKR%QTRhLKNQO
b
S\Tk
• TRK«YrSfO 
b
KNYZTRe
b
S
a
K
b
eqORONYrSUTRQ\ Q
]]
QJLKNMPORQKNX[Q
]_^
eS
aﬀ]
hfO e
b
SV
^
QSiO QP
L]
QPOP
Si X ⊆ Y, alors (X •B) ⊆ (Y •B)
• TRK«YrSfO 
b
KNYZTRe
b
S%Q%UTNQSfORejX[Q[
] ^
QPSfO QP
L]
QdVLQdVWMPJfYrKRT¿QkOTeS
a]
hiOVfYrSfO
]
QdKRMkO h
]
T«YZTP
X ⊆ X •B
• TRK«YrSfO 
b
KNYZTRe
b
SejVWQP%J
b
TRQSUTNQ[
(X •B) •B = X •B
,ﬀ-/.0-  =E  66	E<?	E9;!8=   D258ﬂﬀﬂ6FE 6   E  D!?
 6  E6
#º^ b
hfX[QKRTRhfKRQ¡V
^
hLS%QSfORQ
L]
Q X JfY[KhfSuM
]
MP%QSUT"OTNKRh
a
TRhfKNY[S\T B QkOT
]
YoORhLK|Y
a
QKNQ
ab
hﬀD
X[QPK TNQJfY[K B
]jb
K«OVWQﬃO
b
SVWMJ
]
Y
a
Q%QSUT
]_^
ejS\TNMKNeQPhLKVWQ
]_^
QSiO QP
L]
Q[
·
SLQJLK
b
JfKRejMﬀTNM
ORe%e
]
Y[eKNQdO
^
Y[JLJ
]
ejUhLQ
]
Yﬂ QKNuQTRhLKNQwYreqO
a
QT TRQ/
b
eqO D
a
e	
] ^
M
]
MPuQPSUT¡O TRKNh
a
TNhLK«YrSUT¿JfY[K D
aﬀb
hLKRT
]
Q
aﬀb
%J
]
MP%QSUTNY[eKNQoVLQ
]_^
QSfORQ
L]
Q[
npYrK
aﬀb
SfO TRKNh
a
TNe
b
S
]_^ b
hLX\QKRTRhLKNQoQﬀT
]
Y  QPKR%QﬀTNhLKNQoKNQPORJ Q
a
TNQSUT
]
QkOm\hiYZTRKNQoJLKRejS
a
eJ QPO
VWQT
b
hLTRQdTRK«YrSfO 
b
KNYZTRe
b
S%
b
KNJL
b\]b\Ł
eqUhLQ[ ejSwXZYrKNejY[S
a
QJiYrKºTNKNY[SfO
]
YrTRe
b
S
aﬀb
uJiYZTRe

e
]
D
eTRMY¬X[Q
a]
QPO¡
b

b
TNLMﬀTNeQkO%
ab
SLSiYreqORONYrS
a
Q
]jbWa
Y
]
QIQﬀT
ab
SUTRejSwhLe TNM[
,ﬀ-/.0- 1 :  ?  ? ?  E

 806 E<8ﬂ ?	E
#
Q
a
fYrJ QPY[huiYrhWT¿VLQ 
b
KN%QQPO T"hLSLQTRK«YrSfO 
b
KNYZTRe
b
S%UhLefJ QKN%QﬀT¡VWQVWMTRQ
a
TRQPK
a
QUhLQ
] ^ b
hLX[QPK TNhLKRQ86
a
fY[JiQkYrh
L]
Y[S
a
9
b
h
]
Y  QKN%QﬀTNhLKRQ 6
a
iYrJ QPYrhﬃS
b
ejK 9 
b
SUT$|YreTºVWejORJfY[KNY<;jTNKRQ\
`
T«YrSUTºV
b
SLSfM"hLSuM
]
M%QSUTpOTNKRh
a
TRhfKNY[S\T B 
b
SﬃVWM%fSLeT Y[eSiO e
]
Q
a
fY[JiQkYrhiYrhWTºVWQ 
b
KN%Q
V
^
hLSLQ 
b
S
a
TNe
b
S f JfYrKk
chapeau blanc : WTHB(f) = f − γB(f)
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